Abstract. In the process of freshwater fish farming in pond, the levels of dissolved oxygen must be monitored by creating a closed loop PID control system. But traditional PID controller has weak stability and slow response speed, because dissolved oxygen changes with delay. In this paper, a PID control algorithm with optimal Smith predictor is proposed, to eliminate negative effects caused by delay component. The result of experiment data indicates that the optimal algorithm can reduce settling time and overshoot, and has better robustness and disturbance rejection performance than traditional PID controller. Meanwhile, a hardware circuit design plan based on ARM Cortex-M3 embedded processor is supposed, which gets stronger performance than C51 MCU control system with traditional PID algorithm. The hardware selection and plan design realize high cost performance, it is valuable to small and medium freshwater aquaculture enterprises.
Introduction
In the process of pond freshwater fish farming in pond, on one hand self-balancing recovery time of oxygen content in water is longer, because of limited mobility of water and poor self-cleaning function. On the other hand, a lot of fish feed and feces will be deposited on the floor of the pond, and create noxious gas to consume a lot of oxygen in water, such as methane. These two factors will reduce dissolved oxygen level very much, and cause higher death rate of fish. So dissolved oxygen level must be monitored by fish pond aerator control system, when the fish farming scale is large. The aerator works by impellers stirring water, to accelerate the process of air dissolution in water and expel the noxious gasses building in the bottom of pond, its principle is shown in Figure 1 . The fish pond aerator using traditional PID algorithm could not eliminate negative effects caused by delay component, and the system control accuracy has too much influencing factors, such as stocking density, weather, temperature, water quality and sorts of fish. In the meantime, the system robustness is weak too. All these will lead to two cases: one is that impeller starts too late to supply enough oxygen to fish; the other is that impeller start and stop too frequently to protect motor from damage due to strong current. In order to solve these problems, Smith predictor algorithm which has been optimized and traditional PID algorithm are combined from the view of realizing H ∞ optimum control [1] and improving robustness, a better performance and easier to realize PID algorithm is proposed and applied to fish pond aerator system. Experimental results show the optimization controller has faster response time and higher disturbance rejection performance. Meanwhile, a control system design scheme based on ARM embedded processor is suggested.
Fig. 1. Fish pond aerator control system schematic

PID Controller Design Based on Smith Predictor
Traditional Smith Predictor Model
The traditional Smith predictor works by adding compensating elements to PID controller and substituting a similar model for controlled plant which has delay component. As shown in Figure 2 and Figure 3 , when the system is nominal, the delay component e -τs can be separated from controlled plant, a feedback signal is drawn before e -τs component, so the feedback signal without delay could improve system response speed. But the calculation is proposed based on nominal model. If a exact mathematics model of the plant cannot be established, the compensation will not be effective, even negative. Besides, to separate Smith predictor link from PID controller, will add complexity and uncertainty to the controller design. The delay element can be approximated using first-order differential and inertial element, according to monomial expansion of Pade approaching. Formula (3) could be simplified like the following The errors can be considered system uncertainty, although the formula (4) approximate calculation will introduce them.
Model Identification of the Controlled Plant
The theoretical calculation and experimental data suggest that the dissolved oxygen level in pond can be self-balancing, its model can be described by delay and inertial linkage, whose transfer function is shown as formula (3). In formula: K is coefficient of water conductivity, T1 is equivalent time constant, α is delay time of dissolved oxygen content changing. The parameters of self-balancing delay system can be determined by reaction curve method [3] . Dissolved oxygen data monitoring uses primary cell dissolved oxygen sensor for fish farming. The area of pond is about 2000 square meters, the depth is about 1.8 meters. According to Chinese water quality standard for fisheries [4] , appropriate dissolved oxygen level should be about 10mg/L. So initial level of oxygen is set by 5mg/L, running the impellers, sampling time is set by 1 min, then the system ascending curve data can be given. The key problem using reaction curve method is choosing accurate curve inflection point, which can be given by using Matlab's 5 order polynomial fitting to process experimental data to smooth the ascending curve trend, as shown in Figure 5 . To draw a curve's tangent extension line across point P, 3 relevant parameters of system transfer function can be given, including dissolved oxygen changing delay time α=480, time constant T 1 =1980, coefficient of conductivity K=0.9. 
Conclusion
This paper designs optimal PID control algorithm with Smith predictor to improve fish pond aerator system dynamic performance for the strict requirement of dissolved oxygen level in the process of fish farming. Meanwhile, a hardware circuit design plan based on ARM Cortex-M3 embedded processor is supposed, which gets stronger performance than C51 MCU control system with traditional PID algorithm. The hardware selection and plan design realize high cost performance, it is valuable to small and medium freshwater aquaculture enterprises.
